Background
Between 1993 and 1998, 37 cases of pulmonary hemorrhage and hemosiderosis have been identified in young infants in the vicinity of Cleveland, Ohio. Twelve of the infants have died. In November 1994, the Centers for Disease Control and Prevention (CDC) began an investigation to determine the cause of this outbreak (1, 2) . Thirty of these cases have occurred within a contiguous nine zip code area in the eastern part of the metropolitan area. The case-control study found an association with home water damage (3) and the presence of the toxigenic fungus Stachybotrys chartarum and other fungi in indoor air. This fungus was found in higher quantity in the air of the home environments of the affected infants but also to a lesser degree in some of the comparison homes (4) . Stachybotrys requires water-soaked cellulose to grow, and was found in homes where there had been water damage from flooding, plumbing leaks, or roof leaks involving wood or paper products (e.g., insulation, gypsum board, ceiling tile). The spores of this fungus contain very potent mycotoxins capable of producing acute toxicosis. Secondary stresses, e.g., environmental tobacco smoke, appear to be important triggers of overt hemorrhage. Since the initial investigation, additional cases have occurred in Cleveland infants.
The clinical spectrum of this disease varies from overt, life-threatening hemorrhage to very subtle initial symptoms such as nose bleeds and chest congestion. Concern that there may be a larger number of undetected young infants with this disorder led to the examination of all infant coroner cases over the past 4 years. This revealed seven sudden infant death syndrome cases with major amounts of pulmonary hemosiderin-laden macrophages, indicating extensive hemosiderosis existing prior to death. All but one of these infants had lived in the same geographic cluster area in Cleveland.
This problem may extend beyond Cleveland, as toxigenic fungi are widespread and chronic water damage is common in poorly maintained homes throughout the nation. Informal surveillance (5) (6) and in Japan it is 1.1 per 106 children per year (7) . Within the limited geographic cluster area, the Cleveland incidence for 1993-1995 was 1.5 per 1,000 live births. Immune disorders are the most common etiology of PH in adolescents and adults (e.g,. Goodpasture's, systemic lupus erythematosis) but are unlikely to occur in infants and have never been reported in children less than 2 years of age. An association of PH in infants and young children with elevated IgG precipitins against cow milk proteins (Heiner's syndrome) (8) has been specifically excluded in this cluster of Cleveland cases (3). Other causes of PH, such as cardiac structural disorders giving increased pulmonary venous pressure, have also been excluded. In contrast to adult PH, the majority of PH in infants and children is idiopathic (9) . A retrospective study of 30 childhood cases over 20 years in Greece (10) speculated the possible role of pesticides; other toxicants have been implicated in older patients (11 (19) is one of several environmental fungi that produce very potent compounds toxic to humans and animals. The symptoms of farmworkers exposed to the agriculturally important fungi are well described and for S. chartarum include nasal and tracheal bleeding (in contrast to the alveolar bleeding discussed above), skin irritation, and alterations in white blood cell counts (20) (21) (22) . Both toxic and inflammatory mechanisms appear to be involved.
S. chartarum produces satratoxin G and H and roridin, the most potent members of a large family of trichothecenes Environmental Health Perspectives X Vol 107. Supplement 3 * June 1999 (23) . Although these specific toxins have not been as extensively studied as the trichothecenes deoxynivalenol and T-2 toxin, their mechanism of toxicity is thought to be very similar or the same. High-dose exposure to deoxynivalenol causes emesis and myocardial and gastrointestinal hemorrhages; lower exposures cause damage to the immune system, affect the appetite center of the brain, and alter neurotransmitter levels (24) (25) (26) (27) . Primarily because of the immunotoxicity of deoxynivalenol, there are guidelines on the amount of this mycotoxin allowed in wheat in the United States and Canada (28) . Studies on the effects of inhalation exposure of another trichothecene, T-2 toxin, demonstrated that effects from inhalation were much greater (> 10-fold) than by injection (29) . Trichothecenes bind to a single binding site on 60s ribosomes and directly inhibit initiation, elongation, or termination of protein synthesis, depending upon which trichothecene is bound (30) . Most of the investigation of trichothecenes has been supported by the U.S. Department of Defense because of the possible use of these toxins as chemical warfare agents (31, 32) .
Other toxins produced by S. chartarum include phenylspirodrimanes, inhibitors of complement activation, especially C5 (33) (40) . While still wet, the spores are sticky, but when dry they are readily aerosolized. Their size (4.0 -6.0 x 7.0 -12 pm) and ellipsoid shape allow inhalation by stream passage out to the distal airways (41) . The high prevalence of S. chartarum in the Cleveland cluster area homes (65%) (4) is unusual, as other studies in North America have detected it in only 0.75-3% of the homes (42) (43) (44) .
Mouse Inhalation Studies
Acute and subacute inhalation studies using intranasal instillation of S. chartarum spores with 5-week-old adult mice have been reported. In the acute study (45) , mice were exposed to 106 spores containing satratoxin G and H or to the same dose of spores from a strain that produced undetectable levels of these trichothecenes but comparable levels of the phenylspirodrimanes. The mice receiving the toxic spores developed severe alveolar, bronchiolar, and interstitial inflammation (neutrophils, macrophages, lymphocytes) with luminal hemorrhagic exudates, whereas the spores without satratoxins induced a much milder inflammation. In the subacute studies, biweekly intranasal administration for 3 weeks (46) (49) .
There are several possible explanations for the hemosiderosis that persists for months beyond the acute hemorrhagic period. The capillaries may remain fragile for a prolonged time with an increased susceptibility to leakage even with comparatively minor stresses. The mouse studies found a severe inflammatory reaction persisting beyond an acute toxicity period. This inflammation could be a source of alveolar bleeding, either directly or through interaction with any persisting capillary fragility.
The nonpulmonary manifestations are similar to those described in animals exposed to S. chartarum and are consistent with the immune suppressive, neurotoxic, and hemolytic effects of the trichothecenes and/or accompanying mycotoxins. One patient in Cleveland had accompanying P. carinii pneumonia and a transitory but severe suppression of his T-cell mitogenic response to concanavalin A and phytohemagglutinin consistent with exposure to cyclosporin. The stachybocins may contribute directly to the hemorrhage by antagonizing the vasoactive properties of endothelin-1, a paracrine hormone released by endothelial cells in response to hypoxia (50) .
Summary
An epidemiologic investigation of pulmonary hemorrhage in infants in Cleveland found an association with exposure to S. chartarum and other airborne fungi. Exposure to environmental tobacco smoke was an additional risk factor in the presence of S. chartarum. Further studies are needed to determine whether the fungal association is causal. Logical pathophysiologic concepts do Environmental Health Perspectives * Vol 107, Supplement 3 * June 1999 derive from a comparison of the clinical profile of these infants and the known actions of mycotoxins from S. chartarum, notably the trichothecenes satratoxins G and H. Sufficient association and rationale exist to institute public health prevention measures as reflected in recent recommendations from the American Academy of Pediatrics (51) . Prevention has begun in the Cleveland cluster area. It appears that this is a newly recognized disorder that is a subsegment of idiopathic pulmonary hemosiderosis.
Recommendations
The home environments of infants with idiopathic pulmonary hemorrhage should be investigated for water damage and toxigenic fungi. Such infants should be excluded from environments containing toxigenic fungi and from environmental tobacco smoke, as the latter appears to be a trigger of acute hemorrhage in these infants. Conditions of chronic water incursion into residential structures needs to be avoided, flooding should be cleaned up quickly and adequately prior to reoccupancy, and cellulose materials should be removed from any area that is frequently wet. Infants who die suddenly without known cause should have an autopsy that includes a Prussian blue stain of lung tissue to look for prior pulmonary hemorrhage as indicated by the presence of hemosiderin.
